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CALCANEAL QUANTITATIVE ULTRASOUND
MEASUREMENTS: A CROSS SECTIONAL STUDY AMONG
ELDERLY CHINESE IN A CARE AND ATTENTION HOME
COMPLEX AND IN THE COMMUNITY
Pearl P.W. Law, Cert PT
Abstract: Calcaneal quantitative ultrasound measurements using a Sahara bone sonometer were taken from
267 elderly Chinese, 137 from a care and attention home complex and 130 from the community in Wong
Tai Sin District. Estimated bone mineral density (est. BMD) and T-scores (the number of standard deviations
compared with peak bone mass) were compared between the two groups. Est. BMD and T-scores among the
elderly in the care and attention home complex were significantly different from those in the community —
est. BMD (60–69): 0.44 ± 0.10 vs 0.27 ± 0.06, p = 0.000. In addition, more of the elderly in the care and
attention home complex than in the community suffered from osteoporosis (T-score < –2.5; 84.67% vs
40.00%).
Key words: estimated bone mineral density, elderly, Chinese, community, care and attention home
Introduction
Osteoporosis is a silent condition characterized by re-
duced bone mass and abnormal internal bone
architecture. Healthy bone has thick trabecular plates
with normal interconnections, whereas osteoporotic
bone exhibits thinning of trabecular plates and loss of
normal connectivity [1]. Osteoporotic bone is prone to
fracture. A minor blow or an accidental fall can cause
fractures resulting in pain, loss of mobility and
independence, and possible hospitalization. Fear, anxiety,
and depression are frequently reported in women with
established osteoporosis, and such consequences are
likely to be under-addressed when considering the over-
all impact of this condition [2], ultimately leading to
poorer quality of life.
Studies have revealed that elderly people with a
small body build, inadequate calcium intake, and lack of
Research Report
physical exercise are prone to develop osteoporosis [2,
3]. Chinese elderly in particular are vulnerable.
Recently, more effective therapeutic options for the
prevention and treatment of osteoporosis have become
available. These include weight-bearing exercise re-
gimes [3, 4], hormone replacement therapy, and proper
diet [5]. This has heightened interest in the medical
community.
The objective of this study was to test the hypothesis
that there is a significant difference in skeletal status (in
terms of estimated bone mineral density, est. BMD, and
T scores) between elderly residents in the community
and in a care and attention home complex. Comparisons
were also made among different age ranges.
Firstly, it was hoped that this study would provide a
baseline to assess the seriousness as well as awareness of
the problem among the elderly in Hong Kong. Results for
elderly residents of an institution and those in the
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community were recorded and compared. Secondly, it
was believed that knowledge of the skeletal status of the
elderly would allow both the elderly and their carers to
be alert to the risks of fractures. Thirdly, special interest
in the urgency of promoting awareness of skeletal status
among younger women before menopause was raised to
reduce rapid bone loss after menopause.
Methodology
We recruited 130 elderly residents in the community
and 137 elderly residents in our care and attention home
complex. Participants from the community were ran-
domly allocated (by drawing lots) from six elderly cen-
tres in Wong Tai Sin District selected by Social Welfare
Department staff in the care and attention home complex.
In the care and attention home complex, participants
were randomly chosen from 311 residents selected by
our nursing staff as suitable to join the programme from
among the 465 residents in the home.
Participants were at least 60 years of age and
Chinese. Participants were excluded if they were tak-
ing thyroid medication or cortical steroid drugs, if
they had open sores or broken or abraded skin on the
measured heel, or if they had previously fractured the
measured heel.
Readings were taken by care and attention home
complex staff who were blind to the study, using a
Sahara clinical bone sonometer (Hologic, USA). The
sonometer measures the speed of sound (SOS, in m/s)
and the broadband ultrasonic attenuation (BUA, in dB/
MHz) of an ultrasound beam passing through the heel.
The SOS and BUA results are combined linearly to obtain
the quantitative ultrasound index (QUI) and an estimate
of the BMD of the heel (heel est. BMD, in g/cm2). This
instrument has been validated and it is precise and
accurate [6, 7]. For a temperature independent phantom,
the long-term precision of the Sahara bone sonometer
SOS was 0.8 m/s, or 0.05% CV (coefficient of variation)
over a period of 3 months in a clinical environment.
For measurement, each participant sat in a chair with
hips flexed at about 90°, knees flexed at about 40°, and
the ankle at 10° planterflexion, and the measured heel
was placed inside the bone sonometer. Reference data
were based on Hong Kong Asian females (297 subjects
aged 20–79 years).
T-scores were also recorded. The T-score is defined as
the difference between the individual patient’s BMD
and the mean score obtained in a young adult population,
expressed in units of the young adult population’s stand-
ard deviation. Mathematically, the T-score is defined as:
T = (P–YA)/SDYA
Where T is the T-score, P is the patient’s BMD, YA is the
young adult average value, and SDYA is the standard
deviation of the young adult population.
The independent samples t-test was used to compare
the two groups. The significance was set at 0.05. SPSS
(Version 11) was used for statistical analysis.
Results
Both sexes were included in the study, with women
being the majority in both groups (female to male ratio
10:1 in the community and 14:1 in the care and atten-
tion home complex). There was no significant difference
in sex ratio between the two groups (p = 0.421). Partici-
pants ranged in age from 60 to 90 in the community and
from 67 to 106 in the care and attention home complex.
Participants in the care and attention home complex
were significantly older than those in the community
(83.32 ± 7.52 vs 73.03 ± 6.64 years; p = 0.000). Therefore,
we analysed patients in various age ranges.
The est. BMD ranged from 0.132 to 0.649 g/cm2
among the elderly in our care and attention home
complex, and from 0.220 to 0.682 g/cm2 in community
residents. The est. BMD in the care and attention home
complex was significantly lower than that in the com-
munity in all age ranges (60–69 years, p = 0.000; 70–79
years, p = 0.000; at least 80 years, p = 0.020) (Table 1).
Fig. 1. Distribution of estimated bone mineral density (est.
BMD) among community elderly in different age groups.
Fig. 2. Distribution of estimated bone mineral density
(est. BMD) among elderly residents of a care and
attention home complex in different age groups.
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Figures 1 and 2 show the distribution of est. BMD by age
group.
The T-scores in our care and attention home complex
were significantly lower than those in the community in
all age ranges (Table 2).
Table 3 shows the percentage of patients with normal
bone mass, low bone mass and osteoporosis, according
to the World Health Organisation (WHO) classification
criteria [8]. Using chi-square analysis, the percentages in
the three groups (normal and low bone mass and
osteoporosis) in the care and attention home complex
were significantly different from those in the commu-
nity (p = 0.000).
Discussion
Est. BMD covered a wide range in all age groups (Figures
1 and 2). However, mean est. BMD decreased with
increasing age (Table 1). This was consistent with find-
ings of other studies [9, 10]. The elderly in our care and
attention home complex had significantly lower mean
est. BMD than those in the community in all age groups.
According to the Social Welfare Department criteria,
only those who are moderately impaired with ill health
requiring assistance to carry out activities of daily living
are eligible for admission to a care and attention home.
They walk or move around using walking aids or
wheelchairs. These criteria imply decreased mobility
among the elderly in the care and attention home
complex, so it is not surprising that they have poorer
bone than elderly residents in the community.
As vegetarian diet is compulsory in our care and
attention home complex, the elderly have nutrition
supplements 6 days a week (Centrum [Whitehall-Rob-
ins Inc, Mississauga, Ontario, Canada]  and Caltrate
[JWS Delavau Co Inc, Philadelphia, PA, USA] on alter-
nate days). Most elderly residents in the community
have a normal diet according to data from interviews
conducted by the author. Very few take nutritional
supplements. From our observation, mineral and vita-
min supplementation does not appear to be effective in
preventing osteoporosis.
Table 3 shows that only 11.54% of elderly in the
community and 2.92% in the care and attention home
Table 2. Comparison of mean T-score in the community and in a care and attention home complex
Age Community Care and attention home complex p value
T-score* T-score*
60–69 –1.87 ± 0.90 –3.48 ± 0.56 0.000
70–79 –2.13 ± 0.87 –3.02 ± 0.98 0.000
≥ 80 –2.91 ± 0.71 –3.41 ± 0.89 0.019
*Mean ± standard deviation.
Table 1. Comparison of estimated bone mineral density (est. BMD, g/cm2) in the community and in a care and
attention home complex
Age Community Care and attention home complex p value
n Est. BMD* n Est. BMD*
60–69 42 0.44 ± 0.10 5 0.27 ± 0.06 0.000
70–79 67 0.41 ± 0.10 38 0.32 ± 0.11 0.000
≥ 80 21 0.33 ± 0.08 94 0.27 ± 0.10 0.020
*Mean ± standard deviation.
Table 3. Distribution of T-scores
T-score Community Care and attention home complex
Normal (≥ –1) 11.54% 2.92%
Low bone mass (–1.1 to –2.4) 48.46% 12.41%
Osteoporosis (≤ –2.5) 40.00% 84.67%
Total 100% 100%
5Hong Kong Physiotherapy Journal • Volume 20 • 2002
complex had T-scores of –1 or above and enjoyed normal
bone health. Most participants in the care and attention
home complex (84.67%) had osteoporosis with a
T-score of –2.5 or less, indicating increased fracture risk
[11, 12]. This may be the reason for the high rates of
fractures and pain in residents of the care and attention
home complex. Worryingly, at least 88.46% of partici-
pants in the community had osteopenia or osteoporosis,
while 97.08% in the care and attention home complex
had osteopenia or osteoporosis.
Greater attention should be paid to elderly residents
of care and attention homes, since they are at higher risk
than those in the community.
The selection of participants in both groups was not
strictly random, but a truly random sample would not be
possible in our community. However, any bias was more
likely to be in favour of participants who led a more
active and health-conscious life.
Recommendations
As high percentages of elderly admitted to care and
attention homes have osteoporosis, a baseline BMD
measurement on admission is recommended for all
residents. This will not only increase awareness of bone
status in the elderly, but will also serve as a warning to
carers of any increased fracture risk or other painful
conditions. Subsequent tests should be carried out at
least yearly to note any change in condition.
BMD measurement should be more accessible and
affordable for the elderly. Funding through a central
programme from a government department is necessary
in view of the high cost of equipment installation.
A balanced diet with adequate calcium and vitamin D
is essential to maintain good bone density. High-impact
exercise such as jogging and brisk jumping has the
greatest potential to improve bone density [13]. Weight-
bearing exercise is also recommended, such as weight
and strength training in gyms [4]. Proper posture is
important to avoid pain conditions due to poor posture.
Postural exercises and stretching exercises should be
implemented to maintain good posture.
More public education is needed to promote aware-
ness of this problem among younger women.
Conclusion
There were significant differences in est. BMD and T-
scores between participants in the community and in a
care and attention home complex in all age groups (60–
69, 70–79, ≥ 80 years). High percentages of elderly
residents in the community (88%) and in care and
attention homes (97%) have problems related to low
bone mass (T-score < –1.1). Therefore, medical and para-
medical personnel and the general public should focus
their attention on this serious problem.
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